Nucleic acid molecule set for detecting Salmonella, nucleic 

acids, kit and use 



In the foodstuffs and pharmaceutical industries the 
contamination of products by pathogenic microorganisms by 
way of the raw materials used or during the production or 
packaging processes poses a major problem. Salmonellae are 
among the most serious pathogens transmitted to humans 
through foodstuffs. Since the detection and identification 
of Salmonellae by conventional microbiological detection 
processes is very time-consuming - at least five days are 
required for the increase in quantity and subsequent 
serotyping required by legal regulations (LMBG, FDA) - 
there is a great need for alternative rapid methods. 

In recent years, a number of new methods have been 
developed for routine use to detect microorganisms. These 
include immunological processes based on the use of 
polyvalent or monoclonal antibodies and processes in which 
nucleic acid probes are used for detection by means of 
hybridisation to organism-specific nucleic acids. Further 
methods that have been described are those processes based 
on a specific nucleic acid amplification, with or without a 
subsequent confirmation reaction by nucleic acid 
hybridisation. Suitable processes for the amplification of 
nucleic acids are, for example, polymerase chain reaction 
[PCR] [US Patents 4,683,195; 4,683,202; and 4,965,188], 
ligase chain reaction [WO Publication 89/09835], "self- 
sustained sequence replication" [EP 329 822], the 
"transcription based amplification system" [EP 310 229] and 
the Q(5 RNA-replicase system [US Patent 4,957,858]. 
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The mentioned nucleic-acid-based processes are so sensitive 
that, unlike conventional microbiological processes, a 
lengthy increase in quantity of the microorganism to be 
detected from the sample to be investigated is unnecessary. 
An investigation of the presence or absence of, for 
example, Salmonellae is therefore generally concluded 
within one working day when using the mentioned nucleic- 
acid-based processes. 

- n Some nucleic acid sequences for detecting Salmonellae by 

polymerase chain reaction are known. A disadvantage is, 
however, that when using those nucleic acid sequences as 
primers in the polymerase chain reaction false positive 
results [WO 95/33854] or false negative results [WO 
92/01056; WO 95/00664; WO 92/01056; WO 93/04202] occur. In 
other cases, only an insufficient number of strains of all 
7 Salmonellae subspecies have been studied [WO 92/08805; 
WO 94/25597; DE 4337295], so that thus far it is unclear 
whether the nucleic acid sequences in question are suitable 
for detecting all Salmonella, strains. 

An advantage of, for example, the primers and probes 
described in International Patent Application WO 95/00664 
is that they allow the highly selective detection of 
bacteria of the Salmonella genus without the occurrence of 
false positive results. A disadvantage when using the 
oligonucleotides according to WO 95/00664 in amplification 
processes such as polymerase chain reaction is, however, 
the fact that none of the described primer pairs enable 
detection of all the representatives of the 7 Salmonella 
subspecies. For example, when using the primers ST11/ST15, 
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a number of representatives of subspecies Ilia (subsp. 
arizonae) are not detected, and when using the primers 
ST11/ST14 a number of representatives of subspecies I 
(subsp. enterica Serovar. Blockley) and of subspecies Ilia 
(subsp. arizonae) are not detected. 

An aim of the invention described herein was to optimise 
the detection processes described in WO 95/00664 by finding 
nucleic acid sequences the use of which as primers and/or 
probes ensures as complete detection as possible of all the 
representatives of the Salmonella genus. 

According to an embodiment, the problem underlying the 
invention is solved by a set of nucleic acid molecules by 
means of which, in a process for the detection of 
representatives of Salmonella enterica subsp. enterica, 
salamae, arizonae, diari zonae, houtenae, bongori and 
indica, all the representatives of those subspecies can be 
detected, the set being obtainable by 

(a) obtaining or deriving a first nucleic acid molecule 
(nucleic acid molecule 1) in a manner known per se using a 
nucleic acid isolate of a representative of one of the 
mentioned Salmonella enterica subspecies, which first 
nucleic acid molecule is specifically suitable as primer or 
probe for the detection of that representative or of 
further or all representatives of that one Salmonella 
enterica subspecies and possibly also of representatives of 
further Salmonella enterica subspecies, 

(b) obtaining or deriving a second nucleic acid molecule 
(nucleic acid molecule 2) in a manner known per se using a 
nucleic acid isolate of a different representative of one 
of the mentioned Salmonella enterica subspecies, which 
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second nucleic acid molecule is specifically suitable as 
primer or probe for the detection of that representative or 
of further or all representatives of that different 
Salmonella enterica subspecies and possibly also of 
representatives of others of the mentioned Salmonella 
enterica subspecies, and 

(c) unless it is already possible to detect all the 
representatives of the mentioned Salmonella enterica 
subspecies using the nucleic acid molecules obtainable 
according to (a) and (b) , continuing to obtain or derive 
nucleic acid molecules according to (a) and/or (b) until 
all the representatives of the mentioned Salmonella 
enterica subspecies can be detected using the obtained or 
derived set of nucleic acid molecules. 

A derived nucleic acid molecule may be a nucleic acid 
molecule that can be hybridised with the obtained nucleic 
acid molecule and that preferably has the same number of 
bases, possible hybridisation conditions being: 
temperature > 25°C and 1M NaCl concentration. 
A derived nucleic acid molecule may be, for example, a 
nucleic acid molecule the sequence of which has been 
determined by computer design and that has subsequently 
been manufactured and obtained by chemical synthesis. 

The solution to the problem underlying the invention can 
also be described as the provision of one or more nucleic 
acid molecule (s) Y (Z, ...) , that(those) nucleic acid 
molecule (s) being characterised in that the use of 
that (those) nucleic acid molecule (s) - in addition to the 
use of a nucleic acid molecule (X) - in a process for the 
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detection of bacteria of the Salmonella genus enables the 
detection also of Salmonella strains or Salmonella isolates 
that cannot be detected or can be detected only with 
relatively low sensitivity using the nucleic acid 
molecule (X) . 

The set of nucleic acid molecules according to the 
invention can be characterised in that the nucleic acid 
isolates comprise or are phylogenetically conserved base 
sequences or regions of those base sequences. For the term 
"phylogenetically conserved base sequence", see, for 
example, WO 95/00664 or Herder's Lexikon der Biochemie und 
Molekularbiologie, supplemented 1995, page 132, spectrum, 
production, etc.. 

The set of nucleic acid molecules according to the 
invention can be characterised in that the individual 
nucleic acid molecules or some of the nucleic acid 
molecules hybridise to 

(i) different phylogenetically conserved base sequences, 
or 

(ii) one and the same phylogenetically conserved base 
sequence at non-overlapping sequence regions, or 

(iii) one and the same phylogenetically conserved base 
sequence at overlapping sequence regions . 

The set of nucleic acid molecules according to the 
invention or a set of nucleic acid molecules according to 
the invention by means of which, in a process for the 
detection of representatives of Salmonella enterica subsp. 
enterica, salamae, arizonae, diarizonae, houtenae, bongori 
and indica, all the representatives of those subspecies can 
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be detected, can be characterised in that the set for an 
individual nucleic acid molecule, for a number of its 
individual nucleic acid molecules or for each of its 
individual nucleic acid molecules in each case comprises at 
least one further nucleic acid molecule that, in a region 
of at least 10 successive nucleotides of their nucleotide 
chain, corresponds to less than 100% but to at least 80% of 
the base sequence. 

Such a set of nucleic acid molecules according to the 
invention can be characterised in that the set for an 
individual nucleic acid molecule, for a number of its 
individual nucleic acid molecules or for each of its 
individual nucleic acid molecules in each case comprises at 
least one further nucleic acid molecule that, in a region 
of at least 10 successive nucleotides of their nucleotide 
chain, differs from the other or further nucleic acid 
molecule in precisely one base position. 

A set of nucleic acid molecules according to the invention 
can be characterised in that it comprises one or more, but 
not exclusively, nucleic acid molecules that are fragments 
of the SEQ ID NO 1 according to WO 95/00664 or of its 
complementary sequence . 

A set of nucleic acid molecules according to the invention 
can also be characterised in that the individual nucleic 
acid molecules hybridise to the same strand of nucleic acid 
isolates of representatives of Salmonella, enterica 
subspecies that are being subjected to the process for 
their detection. 



The problem underlying the invention is also solved by a 
nucleic acid molecule that belongs to a set of nucleic acid 
molecules according to the invention or that can be used 
for such a set, the nucleic acid molecule being 
characterised in that, in a region of at least 10 
successive nucleotides of its nucleotide chain, the 
sequence of the nucleic acid molecule corresponds exactly 
to a sequence region of at least one representative of the 
mentioned Salmonella enterica subspecies, the sequence 
region comprising or being a phylogenetically conserved 
base sequence or a region of that base sequence. 

Such a nucleic acid molecule according to the invention can 
be characterised in that, in a region of at least 10 
successive nucleotides of its nucleotide chain, it is 100% 
or at least 80% identical to a corresponding number of 
successive nucleotides of one or more of the following 
sequences or their complementary sequences: 



SEQ 


ID 


NO: 


1 


ATGGATCAGAATACGCCCCG 


SEQ 


ID 


NO: 


2 


ATGGATCAGAATACACCCCG 


SEQ 


ID 


NO: 


3 


CAGAATACGCCCCGTTCGGC 


SEQ 


ID 


NO: 


4 


CAGAATACACCCCGTTCGGC 


SEQ 


ID 


NO: 


5 


CAGAATACGCCCCGTTCAGC 


SEQ 


ID 


NO: 


6 


CAACCTAACTTCTGCGCCAG 


SEQ 


ID 


NO: 


7 


CAACCTAACTTCTGCACCAG 


SEQ 


ID 


NO: 


8 


CAACCTAACCTCTGCGCCAG 


SEQ 


ID 


NO: 


9 


CAACCTAACTTCTGCGCCAG 



The problem underlying the invention is also solved by a 
nucleic acid molecule characterised in that, in respect of 
its sequence, it is homologous to an above-characterised 
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nucleic acid molecule according to the invention and, in at 
least 10 successive nucleotides of its nucleotide chain, 

(i) is identical to an above-characterised nucleic acid 
molecule according to the invention, or 

(ii) differs from an above-characterised nucleic acid 
molecule according to the invention in not more than 
one nucleotide, or 

(iii) differs from an above-characterised nucleic acid 
molecule according to the invention in not more than 
two nucleotides. 

A nucleic acid molecule according to the invention can be 
characterised in that it is from 10 to 250 nucleotides long 
and preferably from 15 to 30 nucleotides long. 

A nucleic acid molecule according to the invention can also 
be characterised in that it is single-stranded or has a 
complementary strand . 

A nucleic acid molecule according to the invention can also 
be characterised in that it is present 
: j (i) as DNA, or 

(ii) as RNA corresponding to (i), or 

(iii) as PNA, the nucleic acid molecule where appropriate 
having been modified or labelled in a manner known per 
se for analytical detection processes, especially 
detection processes based on hybridisation and/or 
amplification . 

A nucleic acid molecule according to the invention can also 
be characterised in that it is a modified or labelled 
nucleic acid molecule in which up to 20% of the nucleotides 
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of at least 10 successive nucleotides of its nucleotide 
chain are building blocks known per se as probes and/or 
primers, especially nucleotides that do not occur naturally 
in bacteria. 

A nucleic acid molecule according to the invention can also 
be characterised in that it is a modified or labelled or 
additionally modified or labelled nucleic acid molecule 
that comprises, in a manner known per se for analytical 
detection processes, one or more radioactive groups, 
coloured groups, fluorescent groups, groups for 
immobilisation on a solid phase, groups for an indirect or 
direct reaction, especially for an enzymatic reaction, 
preferably using antibodies, antigens, enzymes and/or 
substances having an affinity for enzymes or enzyme 
complexes, and/or other modifying or modified groups of 
nucleic-acid-like structure that are known per se. 

The problem underlying the invention is also solved by a 
kit for analytical detection processes, especially for the 
detection of bacteria of the Salmonella, genus, that kit 
being characterised by 

(i) a set of nucleic acid molecules according to the 
invention, or 

(ii) one or more nucleic acid molecules according to the 
invention . 

A kit according to the invention can thus comprise a set of 
nucleic acid molecules according to the invention or one or 
more nucleic acid molecules according to the invention, 
there additionally being provided the other customary 
components for nucleic acid hybridisations or nucleic acid 



amplifications, for example a polymerase, a reverse 
transcriptase, a ligase or an RNA-polymerase, see, for 
example, WO 95/00664. 

A set of nucleic acid molecules of the kit according to the 
invention will preferably be produced synthetically in at 
least two separate synthesis batches. The kit according to 
the invention preferably does not comprise any degenerate 
nucleic acid molecules. 

Finally, the problem underlying the invention is solved by 
the use of a set of nucleic acid molecules according to the 
invention or of a kit according to the invention to detect 
the presence or absence of bacteria belonging to a group of 
bacteria of the Salmonella genus, especially of representa- 
tives of the above-mentioned Salmonella enterica sub- 
species . 

For the use according to the invention, nucleic acid 
hybridisation and/or nucleic acid amplification can be 
carried out . 

As nucleic acid amplification, there can be carried out a 
polymerase chain reaction (PCR) . 

For the use according to the invention, differences between 
the genomic DNA and/or RNA of the bacteria to be detected 
and of the bacteria that are not to be detected can be 
determined at at least one nucleotide position in the 
region of a nucleic acid molecule according to the 
invention and representatives of a group of bacteria of the 
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Salmonella genus can be detected, especially representa- 
tives of the mentioned Salmonella, enterica subspecies. 

To detect Salmonellae by means of nucleic acid hybrid- 
isation or amplification, Salmonel Ja-specif ic oligo- 
nucleotides are used. Salmonella-specific oligonucleotides 
are nucleic acid molecules, from 10 to 250 bases 
(preferably from 15 to 30 bases) long, the base sequence of 
which is characteristic for Salmonellae: when using such 
oligonucleotides as primers or probes - with suitable 
reaction conditions - hybridisation/amplification takes 
place only when DNA of the Salmonellae to be detected is 
present in the test sample, but not when DNA of other 
bacteria is present. 

As described below, given certain prerequisites non- 
specific oligonucleotides may also be used as primers or 
probes. Such oligonucleotides enable hybridisation and/or 
amplification not only when Salmonel la -DNA is present in 
the sample but also in the presence of DNA of a bacterium 
or of a number of bacteria not belonging to the Salmonella 
genus . 

Since, in highly conserved gene regions, substitutions 
(e.g. point mutations) in the DNA can occur even in the 
case of very closely related bacteria, comprehensive DNA 
sequencing or specificity tests (e.g. by carrying out PCR) 
are necessary to select suitable oligonucleotides. This 
applies equally to bacteria to be detected (i.e. 
Salmonellae) and to bacteria that are not to be detected 
(i.e. bacteria not belonging to the Salmonella genus). 
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To detect Salmonellae, firstly nucleic acids, preferably 
genomic DNA, are released from the cells contained in a 
sample or bacterial culture to be investigated. By means 
of nucleic acid hybridisation, the direct detection of 
Salmonella nucleic acids in the sample to be investigated 
can then be effected using the Salmonella-specific 
oligonucleotides according to the invention as probe. 
Various processes known to the person skilled in the art 
are suitable for that purpose, such as, for example, 
"Southern blot" or "dot blot". 

Preference is given, however, above all on account of the 
relatively high sensitivity, to indirect detection in which 
the DNA/RNA sequences sought are firstly amplified by means 
of the above-mentioned processes for amplifying nucleic 
acids, preferably PCR. The amplification of DNA/RNA is 
effected by using Salmonella-specific oligonucleotides. In 
that process specific amplification products are formed 
only when Salmonella-DNA/KNA is present in the sample to be 
investigated. The specificity of the detection process can 
be increased by a subsequent detection reaction using 
Salmonella-specific oligonucleotides as probes. It is also 
possible to use non-specific oligonucleotides as probes. 

Alternatively, amplification can also be carried out in the 
presence of one or more non-specific oligonucleotides, so 
that possibly also DNA/RNA of other microorganisms that are 
not to be detected may be amplified. Such an amplification 
process is generally less specific and should therefore be 
backed up by a subsequent detection reaction using 
Salmonella-specific oligonucleotides as probe. 
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Various processes by which amplification products formed in 
the indirect processes can be detected are known to the 
person skilled in the art. These include, inter alia, 
visualisation by means of gel electrophoresis, the 
hybridisation of probes on immobilised reaction products 
[coupled to nylon or nitrocellulose filters ("Southern 
blots") or, for example, on beads or microtitre plates] and 
the hybridisation of the reaction products on immobilised 
probes (e.g. "reverse dot blots" or beads or microtitre 
plates coupled with probes) . 

A large number of different variants have been described by 
means of which the described Salmonella-specific or non- 
specific oligonucleotides for use as probes and/or primers 
in direct or indirect detection processes can be labelled 
or modified. They may comprise, for example, radioactive, 
coloured or fluorescent groups or groups that enable 
immobilisation on a solid phase or groups that have been 
modified or that modify in some other way, such as, for 
example, antibodies, antigens, enzymes or other substances 
having an affinity for enzymes or enzyme complexes . Probes 
and primers may be either naturally occurring or 
synthetically produced double- or single-stranded DNA or 
RNA or modified forms of DNA or RNA, such as, for example, 
PNA (in those molecules the sugar units have been replaced 
by amino acids or peptides) . Individual nucleotides or a 
number of nucleotides of the probes or primers may be 
replaced by analogous building blocks (such as, for 
example, nucleotides that do not naturally occur in the 
target nucleic acid) . In the case of the above-mentioned 
indirect detection processes, the detection can be carried 
out also by means of an internally labelled amplification 
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product. That can be effected, for example, by the 
integration of modified nucleoside triphosphates (e.g. 
coupled with digoxygenin or fluorescein) during the 
amplification reaction. 

Suitable Salmonella-specif ic oligonucleotides according to 
the invention are nucleic acids, preferably from 15 to 30 
bases long, that correspond, at least in a 10 base long 
sequence, to sequences 1 to 10 or to their complementary 
sequences. Relatively small differences (1 or 2 bases) in 
that 10 base long sequence are possible without loss of the 
requisite specificity in the amplification and/or 
hybridisation. The person skilled in the art will know 
that in the case of such relatively small differences the 
reaction conditions need to be altered accordingly. 

In order to enable complete detection of all the Salmonella. 
strains using the DNA region outlined in WO 95/00664, 
comprehensive DNA sequence analyses were necessary. The 
sequence of that DNA region was determined from 37 selected 
Salmonella strains of all 7 subspecies (for most of the 
strains, the sequence of the DNA region between primers 
ST15 and STll; this corresponds to position 1275 to 1654 of 
SEQ ID NO: 1 in WO 95/00664) . Possible experimental 
procedures will be known to the person skilled in the art 
and will not be described here in detail; a brief summary 
of the results will be given. DNA of the selected 
Salmonella strains was prepared by standard procedures and 
the relevant region was amplified by PCR and subsequently 
sequenced. In the PCR and the subsequent sequencing, the 
following primers were used for most of the Salmonella 
strains : 
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ST11: AGCCAACCATTGCTAAATTGGCGCA (see claim 3, 

WO 95/00664) 

ST15: GGTAGAAATTCCCAGCGGGTACTG (see claim 3, 

WO 95/00664) . 

Since, however, no amplification, or only insufficient 
amplification, occurred with that primer pair with a number 
of strains of subspecies Ilia, IV, V and VI, in those cases 
the following primers were used for the PCR and sequencing: 

ST11: AGCCAACCATTGCTAAATTGGCGCA (see claim 3, 

WO 95/00664) 

ST14: TTTGCGACTATCAGGTTACCGTGG (see claim 3, 

WO 95/00664) . 

A comparison of the DNA sequences of all 37 Salmonella 
strains showed that while it was as a whole a conserved DNA 
region, the degree of conservation appeared at first glance 
to have only limited suitability for deriving Salmonel la- 
specific oligonucleotides . Even in the most highly 
conserved regions, base substitutions were observed in some 
of the sequenced strains. Interestingly, it was found that 
many of the base substitutions occur only within a subgroup 
and that the substitutions are moreover generally conserved 
within that subgroup. This suggested the possibility of 
using more than two primers in the PCR in order to enable 
amplification also of those variants in which one or more 
base substitutions are present in the region of the primer 
binding sites. As the person skilled in the art will 
know, for that purpose there are customarily used 
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degenerate primers or primers having deoxyinosin at the 
variable sites. A number of degenerate oligonucleotides 
that were potentially suitable as primers for the detection 
of all Salmonella enterica subspecies were therefore 
deduced from the above-mentioned sequence comparison. It 
was found, however, that those degenerate primers have only 
limited suitability for PCR detection since they result in 
an increase in the occurrence of non-specific reaction 
products, especially in the case of sequence regions of 
high complexity. Since the sensitivity of the PCR 
detection generally suffers from the occurrence of such 
non-specific reaction products, a different procedure was 
tried. "Complementing" primers were used in the PCR. In 
contrast to degenerate primers, in which all the possible 
combinations of the individual base substitutions are 
represented in the primer mixture (number of primers = 2 X x 
3 y x 4 Z where x, y and z are the number of positions at 
which two, three or four different bases are observed in 
the region of the primer binding site) , in such 
complementing primers only the actually occurring sequences 
are present. The advantage over degenerate primers lies in 
the lesser complexity of the primer mixture according to 
the invention, as a result of which the probability that 
non-specific amplification products will be formed is 
markedly reduced. As has been shown in a number of 
experiments, this is especially advantageous in PCR 
detection using samples having a high content of "non- 
specific" DNA (DNA that does not come from bacteria to be 
detected) since, otherwise, the sensitivity of the 
detection may be radically reduced. 
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A major advantage when using complementing oligo- 
nucleotides/primers lies in the possibility of optimising 
existing detection processes. For example, it is possible 
that individual false negative results can be eliminated by 
additionally using in the PCR and/or hybridisation reaction 
oligonucleotides comprising the sequence of the previously 
undetected strains . 

The DNA sequence comparison yielded a number of relatively 
short DNA regions that appeared to be potentially suitable 
for the strategy described (use of in total > 3 primers in 
the PCR) for optimising the Salmonella detection process. 
The following Example is given by way of clarification. 

Example 1: Detection of Salmonella strains of all 
7 subspecies by polymerase chain reaction 

The following 3 sections of the sequenced DNA region are to 
serve as examples for the sequence variations observed: 

Section I (position 1336 to 1355 of SEQ ID NO: 1 in 
WO 95/00664) 

SEQ ID NO: 1 ATGGATCAGAATACGCCCCG 
SEQ ID NO: 2 ATGG ATC AG AATAC AC C CC G 

Section II (position 1342 to 1361 of SEQ ID NO: 1 in 
WO 95/00664) 

SEQ ID NO: 3 CAGAATACGCCCCGTTCGGC 
SEQ ID NO: 4 CAGAATACACCCCGTTCGGC 
SEQ ID NO: 5 CAGAATACGCCCCGTTCAGC 
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Section III (complementary to position 1483 to 1502 of 

SEQ ID NO: 1 in WO 95/00664) 

SEQ ID NO: 6 CAACCTAACTTCTGCGCCAG 

SEQ ID NO: 7 CAACCTAACTTCTGCACCAG 

SEQ ID NO: 8 CAACCTAACCTCTGCGCCAG 

SEQ ID NO: 9 CAACCTAACTTCTGCGGCAG 

SEQ ID NO: 10 CAGCCTAACTTCTGCGCCAG 



To test whether those sequence sections are suitable for 
detecting all the Salmonella strains of the 7 subspecies, 
the oligonucleotides Sa 1 to 10 were used in the PCR in the 
following combinations : 



Primer combination 1: 



Sal/Sa2 



Sa6/Sa7/Sa8/Sa9/Sal0 



(each in a final concentration 
of 0.2 \m) 

(each in a final concentration 
of 0.08 £1M) 



Primer combination 2 
Sa3/Sa4/Sa5 



Sa6/Sa7/Sa8/Sa9/Sal0 



(each in a final concentration 
of 0.13 MM) 

(each in a final concentration 
of 0.08 llM) 



DNA was isolated by standard processes from pure cultures 
of the Salmonella strains listed in Table la. 
Approximately from 10 to 100 ng of each of those DNA 
preparations was then used in the PCR in the presence of 
primer combination 1 or primer combination 2, 200 [HA of 
dNTP's (Boehringer Mannheim), 1.5 mM MgCl2/ 16 mM (NH 4 )2S0 4 , 
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67 iriM Tris/HCl (pH 8.8), 0.01% Tween 2 0 and 0.03 \J/[il Tag- 
polymerase (Biomaster) . The PCR was carried out in a 
Perkin-Elmer 9600 thermocycler having the following 
thermoprof ile : 

- initial denaturing 95°C 5 min 

- amplification (35 cycles) 95°C 30 sec 

63°C 90 sec 

- final synthesis 72°C 5 min 

After the end of the PCR reaction, the amplification 
products were separated by means of agarose gel 
electrophoresis and visualised by staining with ethidium 
bromide. The expected product of 167 bp length (primer 
combination 1) or of 161 bp length (primer combination 2) 
was observed in all cases in which DNA of strains of the 
Salmonella genus was present (compare Table la) , but not in 
the presence of DNA of other tested bacteria (compare 
: . Table lb) . After the end of the run, the DNA contained in 

the gels was transferred by standard methods to nylon 
filters and hybridised with the oligonucleotide ST14 
( TTTGCGACTATC AGGTTACCGTGG (see claim 3, WO 95/00664)) 
labelled at the 5' end with digoxygenin to test the base 
specificity especially sensitively. Hybridisation was 
effected in 5 x SSC, 2% blocking reagent, 0.1% lauryl 
sarcosine, 0.02% SDS and 5 pmol/ml of probe for 4 hours at 
60°C. Washing was carried out in 2 x SSC, 0.1% SDS for 2 x 
15 minutes at 60°C. Detection was carried out according to 
standard methods using anti-digoxygenin/alkaline 
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phosphatase conjugates in the presence of 5-bromo-4-chloro- 
3-indolyl phosphate and 4-nitro-blue tetrazolium chloride 
(Boehringer Mannheim) . 

A band was observed on the filters only in those cases in 
which a band had previously been visible on the agarose gel 
(see Table la) . Thus, the presence of the 296 tested 
Salmonella strains from each of the 7 subspecies was 
detected both by PCR and by hybridisation. A positive 
signal was obtained for each of those strains with primer 
) combination 1, primer combination 2 and, in the subsequent 

confirmation reaction, by hybridisation with the probe 
ST14. By contrast, none of the tested bacterial strains 
not belonging to that genus was detected using this system. 




Table la : Positive Salmonella strains in PCR 

amplification using the two primer combinations 1 or 2 and 
in the subsequent hybridisation using the oligonucleotide 
ST14. 



No . 


Subspecies 


Serogroup 


Serovar . 




S . en t eri ca 
subsp . 
Enter! ca 


B 


Abony 








Abortusovis 








Af ricana 








Agona 








Agona, lactose + 








Arechavaleta 








Brandenburg 








Bredeney 








Chester 








Coeln 








Derby O: 5 - ! 








Duisburg 








Duisburg, monophase 








Heidelberg j 








Heidelberg, 05- 








I 4, 12 


: d: - 








I 4, 12 










I 9, 12 


: 1, v: - 








Indiana 








Kiambu 








Kunduchi 








Paratyphi B 








Paratyphi B H 1,2 negative 








Paratyphi B 05 - 
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Rpadino 








SaintDaul 05 - 








Saintoaul 








Sandiecro 








Schleisheim 








Schwa rzengrund 
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X \f K/ilXlllUX X. IXAIL/ A -i- v/ v/ 






Ci 

v -- X 


Aii cms t enboircr 








Baireil ly 








Biraendexriio 








Chioleiraesiiis 

\ L IV J- JL. fc— / -J- twJ 








r^Vir^l pr^ <=> q 1 1 n q \TFi t~ Tji^r'a t~ 11 "T* 

uiiuicicicouxo v ex x • jjcv^u u ui. 








LllUlCluCOUlO VOX . I\U11^C11UU1 X. 








1 -I n ;=» 1 o 








Pnn rorH 

CUiJ-V W X V-A 








Infant is 








Isangi 








Lille 








Livingstone 








Mbandaka 
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1*1 -L Jvawct 0 -in ici 








Montevideo 








UillU 








uraniciiDUiy 








USlO 








jxicriinonci i z isoxaues 
tested) 








Rissen 








Singapore 








Tennessee 








Thompson (2 isolates 
cescect ; 








V 1 ICI IOW 








X A *7 • • — ( O i ca1 af-Qc 

1 O, / . . \£ iSOlaCeS 








AJLDciTly \A isolates tesceu; 








ril LOila 








Ay t:_y til I It: 








JD a. XT CIO 
















rjovi siuoir.t>i i icans 








tnariOLLeuDury 








LOCCDUS 








Emek 








r errucn 








blOSU IT up 
















Haardt 








Hadar 








Kentucky 








Litchfield 
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l v XcLilC>XXt?o U fc: I_ 








Tijf 7-» V* ^> t~ 4- T*l 








JJ\r~\ T /"I <3 








"K/Tl*! Y~\ f~* Vl £*T"» 

l/lUIlv^Ilfciil 
















± clrvQJJL CivXX 








XD/O.. 








I 8, 20 : - : - 






Di 










Jjuxx>cin 








rjiiceriLiais 








rjiiCcriLiQis pxcioiuxci priciyG 
*3 *7is/rn 








tiiiuericiais iri *±/o 








£jnL6riLiuis / pxia.ye 








ball lnaLUIll 








bail maruiti- ruiiorum 








I SlTci©X 








U aVlaila 








l\a.peiux>fa 








iNiapoii 








ir cillcilUcl 








t U 1 X O J_ U.Hl 








x y i x ^ ♦ • 






L>2 


ir xyiuo en 






rp 

Ei 


7V w\ ^ 

Amacjex 








XXLILO UC1 Vwl.Cli.ll V-/ • / -L — ' i / ^ *i i 








Anatum 








An a turn 0 15+ 








Anatum O : 10 O : 15+ 








Birmingham 
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Butantan 








Falkensee 








Give 








Lexington 








London 








Meleagridis 








Munster 








Munster, O : 10 15 + 








Orion 








Orion 0 : 10 -, 15+ 34+ 








Sinstorf 








Stockholm 








Uganda (2 isolates tested) 








Vejle (2 isolates tested) 








Weltevreden 








Westhampton 








Zanzibar 








I 3, 10 : - : 6 (monophase) 








I 10 : - : 1, 6 








Abaetuba 








Aberdeen ] 








Cannstatt 








Llandoff 








Senftenberg, delayed Lac. + 








I 1, 3, 19, : -: - 






F 


Chandans (2 isolates 
tested) 








Kisarawe 








Kref eld 








Liverpool 








Rubislaw 
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Senf tenberg 








Solt 








Telashomer 






G 


Grumpensis 








Havana 








Idikan 








Kedougou 








Poona 








Put ten 








Worthington 








I 13, 23, : - 






H 


Caracas 








Charity 








Lindern 








Onderstepoort 








Sundsvall 






I 


Gaminara 








Hvittingf oss 








Malstatt 








Saphra 






J 


Bonames 






K 


Cerro 






L 


Minnesota (2 isolates 
tested) 








Ruiru 






M 


Cotham 








Guilarora 








Ilala 








Loeben 








Mundonobo 








Nima 









rauience 








JrOIliOlicl 








l aunt, on 








weaQiny 






N 


Aqua 








Mornings ide 








Urbana 






O 


Adelaide 








Aiacnua 








haling 








Haga 








Monschaui 






P 


Lansing 








Roan (2 isolates tested) 








Shettf leld 






Q 


Kokome 1 eml e 






R 


Johannesburg 






S 


Waycross (2 isolates 
tested) 






T 


Waral 






U 


Thetf ord 






V 


Koketime (2 isolates 
tested) 








Lawra 






W 


Suelldorf 






X 


I 47, z 4 , z 2 3 : - - 
v monopna sej 








Mountpleasant 




S. enterica 
subsp . 
salawae 


B 


II 4, 12 : a : - 
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Ci 


II 6, 7 : d : 1,7 






F 


II 11 : g, m, s, t: Z39 






I 


II 16 : g, m, s , t: - 






J 


II 17 : c : Z39 








II 17 : b : e, n, x, Z15 






L 


II 21 : zio : - 






P 


II 38 : d : 1,5 






R 


II 1, 40 : z 42 : 1,5,7 






S 


II 41 : zio, 1, 2 






T 


II 42 : r : - (3 isolates 
tested) 1 






X 


II 47 : a : 1,5 (2 isolates 
tested) 








II 47 : b : 1,5 (2 isolates 
tested) 








II 47 : b : z 6 






Z 


II 50 : b : z 6 (5 isolates 
tested) 






O : 58 


II 58 : 1, Z13, Z28: Z6 




S. enterics. 
subsp . 
ari zonae 


J 


Ilia 17 : Z4, Z32 : - 






K 


Ilia 18 : Z4, Z23 : - 






P 


Ilia 38 : 1 , v: - 






R 


Ilia 40 : Z4/ Z24 : - 






S 


Ilia 41: z 4 , Z23: - 






U 


Ilia 43 : g, Z51 : - 






V 


Ilia 44 : Z4, Z32 : - 








Ilia 44 : Z41, Z23 : - 






Y 


Ilia 48 : (1) : - 








Ilia 48 : g, Z51 : - 









Ilia 48 : z 3 e: - 








Ilia 48 : z 4 , z 2 3 : - 






Z 


Ilia 50 : Z4, Z24 : - 






0 : 51 


Ilia 51 : Z4/ Z23 : - 








Ilia 51 : g, Z51 : - 






0 : 53 


Ilia 53 : Z4, Z23, Z32 : - 








Ilia 53 : Z29 : - 






0 : 62 


Ilia 62 : Z36 : - 






O : 63 


Ilia 63 : g, z 5 i : - 




S. enterica 
subsp . 
diari zonae 


Di 


Illb 1, 9, 12 : y : Z39 






I 


Illb 16 : k : - 






J 


Illb 17 : zio/ e, n, x, Z15 






0 


Illb 35 : k: e, n, Z15 






P 


Illb 38 : 1, v: Z53 








Illb 38 : 1, v: z 54 






T 


Illb 42 : k : Z35 






X 


Illb 47 : b : z 6 








Illb 47 : k : Z35 1 








Illb 47 : r: Z53 








Illb 47 : - : - 






Y 


Illb 48 : (k) : Z53 






Z 


Illb 50 : k : z 








Illb 50 : r : z 






0 : 53 


Illb 53 : 1, k : z 






O : 60 


Illb 60 : Z52 : 253 1 






0 : 61 


Illb 61 : i : z 








Illb 61 : 1, v : 1,5,7 








Illb 61 : 1, v : 1,5,7: 
(Z57) 
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Illb 61 : r : Z53 




S. enterica 
subsp . 
houtenae 


F 


IV 11 : Z4/ Z23: - 






I 


IV 16 : 24, Z32 : - 






I 


IV 16 : Z4, Z32: - 






J 


IV 17 : Z29: - 






K 


IV 18 : Z36/ Z38: - 






L 


IV 21: g, Z51: - 






U 


IV 43 : Z4, Z23 : - 








IV 43 : z 4/ Z32: - 






V 


IV 44 : Z4/ Z32 : - 






Y 


IV 48 : Z29: - 






Z 


IV 50 : Z4, Z23 : - 




S. enterica 
subsp . 
bongo ri 


R 


V 40 : Z35: - 








V 40 : Z8i: - 






V 


V 44 : d: - 








V 44 : Z39: - 






Y 


V 48 : Z35: - 




S. enterica 
subsp. indica 


S 


VI 41 : b: 1,7 






W 


VI 45 : a: e,n,x, (Z17) 






Y 


VI 48 : zio : 1,5 








VI 48 : Z41 : - 








VI 1, v : Z67 



Reference source: bgW Berlin, (Robert von Ostertag 
Institute Marienfelde) and Institut fur Mikrobiologie und 
Hygiene, Hamburg (Prof. Aleksic). The strains bearing the 



letters TA are strains used for the Ames Test (Maron, D.M. 
& Ames, B.N,, Mutation Research 113, 173-215 (1983)). 



Table lb : Negative strains of non- Salmon el la species in PCR 
amplification using the two primer combinations 1 or 2 and 
the subsequent hybridisation using the oligonucleotide 
ST 14 





-LCD 


Ht i ni n 

vJ — Ly XU 




f~* 1 1 C! 7 7 /" 7* 7 7 Q 
J->CL V LJ.J. UO O Ui^ C X X X O 


<ti X V_V_ U V J X 




tx UJUdCLtrl. lit; (XiXtXX X 


i-' Orl O U UfiU 




1 f~) C7 /"" T - " 7* /~7 7 17 777 7") 7' 7*~ £2> 7^777 £3 7-7 77 C 
X O ul 1 CXX Lull XJ-L X C^X illui J (— CllltJ 


D^M 6^0 i 






T-FHR nono 

X luD UZj UZi 




TpT-i f~* d 7^J=» /""» ^ 7^ t~* ~\ f~\ a 

Hi 11 U fcrX KJkJCL o <- crX X C_Jci O Cl fcr 






TP -y~r A 7 7 T7 7* ;=} 7^/7 ^ HT/D r*^ 

XI/ x KvXiiXd Lax t-Ji-r <-/ vui a 


L/uri «j w x \j o 




T^c &-r~ -i r*h) i /^n 7 7* 
ijDLiiCX X UiiXCt v^t^XX 


X V \ O / J J 




W/=} 7°r7 1/5 ^ 7 T/"^> 7* 
jjaiJiia ax vex 


TfnR 0101 

X X VJJX> V X W X 




Klebs iella oxvtoca 


DSM 517 5 




Klebsiella pneumoniae 


ATCC 13883 | 




Klebsiella oxytoca 


DSM 5175 




Lactobacillus spec . 


ATCC 20182 




Listeria monocytogenes 


ATCC 19118 




Pediococcus domnatus 


If GB 0101 




Proteus vulgaris 


DSM 2 041 j 




Pseudomonsas fl uorescens 


DSM 6290 




Serratia marcescens 


If GB 0101 




Shigella flexneri 


DSM 4782 




Staphylococcus aureus 


ATCC 6538 




Yersini a ent erocol itica 


DSM 4780 



